The functional capacity of the natural amino acids for molecular recognition.
We tested the functional capacity of the natural amino acids for molecular recognition in a minimalist background of binary Tyr/Ser diversity. In phage-displayed synthetic antibody libraries, we replaced either Tyr or Ser with other residues. We find that Tyr is optimal for mediating contacts that contribute favourably to both affinity and specificity, but it can be replaced by Trp, which contributes favourably to affinity but is detrimental to specificity. Arg exhibited a limited capacity for mediating molecular recognition but was less effective than either Tyr or Trp, and moreover, was the major contributor to non-specific interactions. Nine other residue types (Phe, Leu, Ile, Asn, Thr, Pro, Cys, Ala, and Gly) were found to be ineffective as replacements for Tyr. By replacing Ser with Gly or Ala, we found that Gly is as effective as Ser for providing conformational flexibility that allows bulky Tyr residues to achieve optimal binding contacts, while Ala is less effective but still functional in this capacity. For some antigens, high affinity antibodies could be derived using only Tyr/Ser/Gly diversity, but for others, additional chemical diversity was required to achieve high affinity. Our results establish a minimal benchmark for the generation of synthetic antigen-binding sites with affinities comparable to those of natural antibodies. Moreover, our findings illuminate the fundamental principles underlying protein-protein interactions and provide valuable guidelines for engineering synthetic binding proteins with functions beyond the scope of natural proteins.